18S rRNA hyper-elongation and the phylogeny of Euhemiptera (Insecta: Hemiptera).
The small subunit of nuclear ribosomal RNA (SSU nrRNA), whose sedimentation is mostly 18S in eukaryotes, is considered a relatively conservative marker for resolving phylogenetic relationship at the order level or higher. Length variation in SSU nrDNA is common, and can be rather large in some groups. In studies of Hexapoda phylogeny, the SSU nrDNA has been repeatedly used as a marker. Sternorrhyncha has been rarely included. The lengths of SSU nrDNAs of sternorrhynchids, the basal group of Hemiptera identified in the previous study are 0.3-0.6 kb longer than the usual ones in Hexapoda (1.8-1.9 kb). To use the entire SSU nrDNA sequences or the length-variable parts could cause alignment trouble and therefore affect phylogenetic results, as shown in this study of Euhemiptera phylogeny. Two problems are particularly noticeable. One is that two hyper-variable regions flanking a short length-conservative region could become overlapped in the alignment. This will destroy the positional homology over a larger range. The other is that, when a base pair in a stem of the secondary structure is located near the length-variable regions (LVRs), the simultaneous positional homology of these two bases in the pair is always lost in the alignment results. In this study, the secondary structure model of Hexapoda SSU nrRNA was slightly adjusted and the LVR distributions in it were finely positioned. The noise caused by the hyper LVRs was eliminated and the simultaneous homology for the paired bases was recovered based on the secondary structure model. These corrections improved the quality of the data matrix and hence improved the resolving behavior of the algorithm used. This study provided more convincing evidence for resolving the Euhemiptera suborders phylogeny as (Archaeorrhyncha+(Clypeorrhyncha+(Coleorrhyncha+Heteroptera))). This result provided a more solid background for outgroup determination according to the phylogenetic studies inside each suborder. The problems caused by LVRs have seldom been well addressed. As phylogenetic reconstruction depends more on the data matrix itself than on the algorithm, and length variation of SSU/LSU rRNA exists more or less in any group, it is necessary to closely investigate the effect of rRNA length variation on alignment and phylogenetic reconstruction in more groups.